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Background: In breast cancer patients,
about two thirds of the tumors are
estrogen receptor (ER)-positive and
one third are ER-negative. The mo-
lecular mechanisms leading to the
ER-negative phenotype are poorly un-
derstood. Nearly all ER-negative and
about 40% of ER-positive cancers are
resistant to endocrine therapy. Pur-
pose: In this study, we examined the
entire coding region of the ER gene in
ER-positive and ER-negative primary
breast tumors to determine whether
deletions/insertions or point mutations
might account for the ER-negative
phenotype. Methods: We amplified
exons 1 through 8 of the ER gene in
118 ER-positive and 70 ER-negative
primary breast tumors and searched
for mutations by single-strand confor-
mation polymorphism analysis, dena-
turing gradient gel electrophoresis, and
DNA sequencing. Results: Both ER-
negative and ER-positive tumors con-
tained neutral polymorphisms in
codons 10 [TCT-4TCC (Ser)], 87
[GCG-»GCC (Ala)], 243 [CGC->CGT
(Arg)], 325 [CCC->CCG (Pro)], and
594 [ACA-)ACG (Thr)]. There was no
correlation of any of the polymorphic
alleles with the ER phenotype or other
clinicopathologic parameters including
tumor type, size, grade, or stage. How-
ever, the polymorphism in codon 325
showed a strong association with a
family history of breast cancer (P =
.0005). This association was observed
both in premenopausal and postmeno-
pausal patients. Despite extensive search-
ing in exons 1 through 8, we found no
deletions/insertions and only two mis-
sense mutations in codons 69 [AAC

(Asn)->AAG (Lys)] and 396 [ATG
(Met)->GTG (Val)] of the same ER-
negative tumor. Thus, only 1% of the
primary breast cancers had point
mutations in the ER gene. Conclusions:
In the majority of primary breast can-
cers, the ER-negative phenotype is not
the result of mutations in the coding
region of the ER gene, but is due to defi-
cient ER expression at the transcrip-
tional or post-transcriptional level.
Implications: The correlation reported
previously, as well as our current find-
ings, suggest that further investigations
are warranted to understand the pos-
sible linkage of the ER gene locus to
hereditary breast cancer. [J Natl Can-
cer Inst 87:446-451,1995]

The biological role of estrogens is
mediated through high-affinity binding to
the estrogen receptor (ER) that belongs to
a family of ligand-inducible nuclear re-
ceptors that have steroid and thyroid hor-
mones and vitamins as known ligands
(J-3). The human ER gene is located on
chromosome 6q24-q27 (4); it extends
over more than 140 kilobases, contains
eight exons, and is expressed from two
promoters, giving rise to two transcripts
that differ only in the most 5' end (5,6).
Alternative splicing leads to exon 1 (684
nucleotides) or exon 1' (638 nucleotides),
which differ in their most upstream por-
tions, but share the downstream sequence
of 520 nucleotides. The variations at the
5' end of the gene do not alter the struc-
tural ER protein because the translation
initiation site is located within the shared
sequence of exons 1 and 1'. Thus, both
ER transcripts encode the same protein of
595 amino acids with a predicted
molecular weight of 66 182 daltons. The
presence or absence of ER protein in
breast cancer traditionally has been deter-
mined by hormone-binding assay in
cytosol extracts of tumor tissue homog-
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enates (7). The sensitivity of the hor-
mone-binding assay is 3 fmol/mg cytosol
protein, and tissues with values above 10
fmol/mg are generally considered ER-
positive (8). In breast cancer patients,
about two thirds of the tumors are ER-
positive and one third are ER-negative
(9,10). About 60% of ER-positive tumors,
but only 5% of ER-negative cancers,
respond to endocrine therapy. Stated in
the opposite way, nearly all ER-negative
and about 40% of ER-positive cancers are
resistant to endocrine therapy (11-14).

The molecular mechanisms responsible
for the ER-negative phenotype and the
resistance to endocrine therapy are poorly
understood. In search of the underlying
mechanisms, several groups of inves-
tigators have examined the ER at the
main levels of cellular expression, i.e., at
the genomic level, as messenger RNA
(mRNA) transcriptional product, and as
protein. With regard to the genomic level,
Southern blot analysis failed to show
major rearrangements or deletions of the
ER gene in ER-negative breast cancers
(15,16). A more detailed analysis using
polymerase chain reaction (PCR) ampli-
fication and restriction endonuclease di-
gestion revealed a complete set of eight
exons of normal sizes in ER-negative
tumors indistinguishable from those seen
in ER-positive tumors (17). These find-
ings ruled out deletions/insertions of the
ER gene greater than about 20 nu-
cleotides in length but left open the pos-
sibility of point mutations in the coding
region as the cause of the ER-negative
phenotype. In this study, we examined
the entire coding region of the ER gene in
118 ER-positive and 70 ER-negative
primary breast cancers to determine
whether small deletions/insertions or
point mutations might account for the
ER-negative phenotype.

Patients and Methods

Patients

The study is based on 188 women with primary
invasive breast cancer who were treated at Vander-
bilt University Medical Center, Nashville, Tenn.,
between 1982 and 1991. All patients had tumors of
sufficient size (>1.0 cm) to allow multipoint hor-
mone-binding analyses of ER and progesterone
receptor and extraction of DNA in addition to
routine histopathologic studies. Demographic and
clinical data were obtained from patients' records,
with follow-up information provided by the Vander-
bilt Tumor Registry, in accordance with the

guidelines of the Institutional Review Board for the
Protection of Human Subjects. Patients with a fami-
ly history of breast cancer had one or more first-de-
gree relatives and/or second-degree relatives with
breast cancer. Disease stage was determined using
the tumor-node-metastasis (TNM) classification
(18).

Tissue Samples, Ligand Binding, and
Immunohistochemical Assays of
Steroid Receptors

All breast cancer biopsy specimens were ex-
amined in the Surgical Pathology Laboratory of
Vanderbilt University Medical Center. After estab-
lishing the diagnosis of infiltrating breast cancer on
frozen tissue sections, additional sections were ob-
tained for immunohistochemical analysis of ER and
progesterone receptor as previously described (79).
A portion of tumor tissue was then fixed in formalin
and embedded in paraffin for routine histo-
pathologic examination. The remainder of the tumor
tissue was stripped of adherent fat and frozen at —70
°C for biochemical studies.

The frozen tumor specimens were pulverized in
liquid nitrogen. The resulting fine powder was
suspended in low-salt buffer (50 mA/ Tris [pH 7.4],
1 mA/ EDTA, 10% glycerol, and 1 mA/
monothioglycerol) and centrifuged for 30 minutes at
lOOOOOg and 4 °C. The supernatant cytosol was
used for hormone-binding assays as described pre-
viously (19); the pellet was used to extract DNA by
standard methods (20).

ER Gene Analysis

Oligonucleotide primers were prepared in the
Biosynthesis Laboratory of the Department of
Molecular Biology, Vanderbilt University, using an
Applied Biosystems (Foster City, Calif.) DNA syn-
thesizer. The primers were designed on the basis of
published sequences to amplify exons 2 to 7 and the
coding regions of exons 1 and 8 (52122). Specifi-
cally, the following primer pairs were used for exon
1: 1A (5'-GTTTCTGAGCCTTCTGCCCTG), IB
(5'-TAGGGGAGGCCGGTCTG ACCGTAGA); 2A
(5'-ATGGCCCTACTGCATCAGATCCAA), 2B
(5-TTGGAGCCGAACGC CGCAGCCT); 3A (5'-
TCTACGGTCAGACCGGCCT), 3B (5'-GCGCGG-
GTACCTGTAGA ATG); exon 2: 4A (5'-CCC-
AGGCCAAATTCAGATAA), 4B (5'-CGT-
TTTCAACACACTATTA C); exon 3: 5A (5'-TGT-
CCTCTTGCTTTTAATAG), 5B (5'-TGGGAG-
AGATGTACCTACCA); exon 4: 6A (5'-TTCAC-
CTGTGTTTTCAGGGA), 6B (5'-GCTGCGCTT-
CGCATTCTTAC); exon 5: 7 A (5'-CTTGCT-
TGTTTTCAGGCTTTG), 7B (5-TACAGCCAG-
GTCACTTACCT); exon 6: 8A (5'-TGCTATGTT-
TTCATAGGAAC), 8B (5'-CTTGTGTTATCA-
ACTCACCA); exon 7: 9A (5'-CTGCGCATTCAG-
GAGTGTAC), 9B (5'-GAAGCCCAGAGATGC-
CTCAC); and exon 8: 10A (5'-CTGTGT-
CTTCCCACCTACAG), 10B (5'-CGTGTGGGA-
GCCAGGGAGCT). A 36-base pair GC-clamp was
attached to the 5' end of each sense primer for
denaturing gradient gel electrophoresis (23).

Genomic DNA (0.5 ng) was amplified through
36 cycles in a IOO-JIL volume containing 10 mA/
Tris-HCI [pH 8.3], 50 mA/ KC1, 4 mJM MgCl2, 200
\iM each of the four deoxyribonucleotides, Tag

polymerase (2 U: Promega Biotec, Madison, Wis.),
and each oligonucleotide at 25 uA/. Amplification
conditions consisted of an initial denaturing step at
95 'C for 5 minutes, annealing at 62 "C for 1 minute,
and polymerization at 72 "C for 1 minute, followed
by 36 cycles at 95 "C for 30 seconds, 62 -C for 1
minute, and 72 *C for 6 minutes with a 30-second
increment per 10 cycles in polymerization time. An
annealing temperature of 67 *C was used for
oligonucleotide pairs 7, 9, and 10 to reduce the num-
ber of nonspecific fragments. The polymorphic
Pvull restriction site in intron 1 was analyzed using
PCR primers reported previously (17). A sample of
each PCR mixture was size fractionated by
electrophoresis in a 1.5% agarose gel and visualized
by ethidium bromide staining.

Denaturing Gradient Gel
Electrophoresis

Polyacrylamide electrophoresis of the amplified
DNA (15-20 uL) was carried out using a denaturing
gradient gel apparatus (Green Mountain Laboratory
Supply, Waltham, Mass.). Gels contained 6.5%
acrylamide in TAE buffer (40 mA/ Tris-acetate and
1 mA/ EDTA [pH 8.0]) with linearly increasing
gradients of denaturants formamide and urea (24).
The denaturant concentrations ranged from 30%-
70% (100% denaturant corresponds to 40% for-
mamide and 7 A/ urea). Gels were submerged in
circulating TAE buffer at 60-65 °C, and DNA
samples were electrophoresed at constant voltage
(150 V) for 4-6 hours, depending on size and melt-
ing behavior of the amplified fragments. After
electrophoresis, the gels were stained with ethidium
bromide and photographed under UV light.

Single-Strand Conformation
Polymorphism Analysis

The single-strand conformation polymorphism
(SSCP) analysis was performed on PCR-amplified
genomic DNA to screen for mutations in exon 1 of
the ER gene (25). For each PCR reaction, both
primers were 5'-end-labeled with [y- P]adenosine
triphosphate (ATP) (Amersham Corp., Arlington
Heights, III.). Amplification conditions consisted of
an initial denaturing step at 95 'C for 5 minutes, an-
nealing at 62 °C for 1 minute, and polymerization at
72 "C for 1 minute, followed by 30 cycles at 95 *C
for 30 seconds, 62 *C for 1 minute, and 72 *C for 6
minutes, with a 30-second increment per 10 cycles
in polymerization time. Optimal electrophoretic
separation was obtained on 5% polyacrylamide gels
in TBE buffer (90 mA/ Tris-borate and 2 mM
EDTA [pH 8.4]) containing 10% glycerol at 50 W
for 4.5 hours at 4 'C.

Direct DNA Sequencing

DNA samples showing heteroduplexes on
denaturing gradient gel electrophoresis or abnormal
SSCP patterns were further analyzed to determine
the exact location of each mutation. For this pur-
pose, genomic DNA was amplified and each PCR
product was purified through a GlassMax spin
cartridge for cycle sequencing (GIBCO BRL, Grand
Island, N.Y.) with primers labeled using [y-

P]ATP. The primers used for sequencing were the
same as those used for PCR amplification. Addition-
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al primers were synthesized to ensure complete se-
quencing of both strands of each PCR fragment. The
sequencing reaction products were electrophoresed
on a 6% polyacrylamide sequencing gel. After
drying the gel, it was exposed to Kodak X-OMAT
AR 5 film for 1-5 days.

Restriction endonucleases were selected to con-
firm the polymorphic sites in exons 1 and 8 and in-
tron 1. The entire PCR product (100 uL) was
ethanol precipitated and resuspended in 12 uL dis-
tilled H2O for digestion. The samples were com-
pletely digested with HpaU/Mspl (codon 10, exon
1), BstVl (codon 87, exon 1), Dsal (codon 594, exon
8), and PvuW (intron 1) separated by electrophoresis
in a 4% agarose gel (NuSieve GTG; FMC Bio-
Products, Rockland, Me.) and visualized by
ethidium bromide staining.

Statistical Analysis

The data were assessed statistically by contin-
gency-table analyses. The genotype was classified
as homozygous 00, heterozygous 01, and homo-
zygous 11 for each of the polymorphic alleles. The
frequency distribution of patients in each subgroup
was analyzed using Mantel's chi-squared test for
trend (26). Confidence intervals for proportions
were calculated using the method of Fleiss (27).
Suppose that a gene has two alleles—one with fre-
quency n and the other with frequency 1 - n. Let
"oo> "oi> a n c ' " I I denote the number of patients who
are classified as homozygous 00, heterozygous 01,
and homozygous 11, respectively, and let n denote
the total number of patients. Then, under the null
hypothesis of the Hardy-Weinberg equilibrium (28),
the maximum likelihood estimate of 7t is = (2nm +
noi)/2n, and the maximum likelihood estimates of
the probabilities that a patient will be homozygous
00, heterozygous 01, or homozygous 11 are it , Jt2(l
- 7t), and (1 - ;t) , respectively. We assessed the
plausibility of the Hardy-Weinberg equilibrium by
comparing these estimates with those associated
with an unrestricted multinomial distribution, using
a likelihood-ratio test (29).

Results

We examined the coding region of the
ER gene in 118 ER-positive and 70 ER-
negative primary breast cancers. We
amplified exons 1 through 8 in all tumors
and searched for deletions/insertions and
mutations by agarose gel electrophoresis,
denaturing gradient gel electrophoresis,
and DNA sequencing. However, we were
unable to examine exon 1 of the ER gene
with the denaturing gradient gel electro-
phoresis technique. The reason is the un-
usually high GC content (70%) of exon 1,
which interferes with adequate melting of
the double-stranded DNA fragment in the
denaturing gradient gel. Since GC-rich
sequences, especially CpG dinucleotides,
are hotspots for mutations in other genes,

we used the SSCP method to investigate
exon 1 for the presence of mutations.

Both ER-negative and ER-positive
tumors contained neutral polymorphisms
in codon 10 [TCT-»TCC (Ser)], codon
87 [GCG->GCC (Ala)], codon 243
[CGC->CGT (Arg)], codon 325
[CCC->CCG (Pro)], and codon 594
[ACA->ACG (Thr)] in addition to a
polymorphic site in intron 1 (Fig. 1). The
polymorphic sites in codons 10, 325, and
594 have not been described previously.
We examined the allele distribution in all
haplotypes (Table 1). The distribution fol-
lowed the Hardy-Weinberg rules for
codons 10, 87, and 243 and intron 1. In
contrast, the allele distribution for the
polymorphic sites in codons 325 and 594
indicated a linkage disequilibrium (P =
.003 and .017, respectively). There was
no correlation of any of the polymorphic
alleles with the ER phenotype or other
parameters, including tumor type, size,
grade, or stage. However, the polymor-
phism in codon 325 showed a strong as-
sociation with a family history of breast
cancer (P - .0005). This association was
present both in premenopausal and
postmenopausal patients (Table 2).

Despite extensive searching in exons 1
through 8, we found no deletions/inser-
tions and only two missense mutations in
the same ER-negative tumor. One muta-
tion was in exon 1, codon 69 [AAC
(Asn)—»AAG (Lys)] and the second in
exon 5, codon 396 [ATG (Met)H>GTG
(Val)] (Fig. 2). Analysis of normal
peripheral lymphocyte DNA from the
patient showed wild-type ER sequence,
indicating that the tumor contained two
somatic mutations. The patient had node-
negative, stage II breast cancer and was
alive and well 10 years postmastectomy.
The fact that we observed only two muta-
tions in 188 tumors (1%) indicates that
missense mutations in the ER gene are
rare in primary breast cancer.

Discussion

One third of all breast cancers are ER-
negative, and mutations in the coding
region of the ER gene have been impli-
cated as a possible underlying cause of
the ER-negative phenotype (10-1430,31).
However, our search of exons 1 through 8
of the ER gene in 188 breast cancers
identified only two missense mutations in

exons 1 and 5,'both of which were found
in the same ER-negative tumor. This
means that point mutations in the ER
gene coding region occur in 1 % of pri-
mary breast cancers, a percentage far
lower than that observed for the p53 gene
(22%) with the same screening technique
in the same group of tumors (52). Since
the size and complexity of the ER gene is
similar to that of the p53 gene, the ques-
tion that arises is how to explain the dif-
ference in mutational frequency between
the two genes. It has been shown that
genes of similar size and complexity do
not necessarily exhibit similar frequencies
of mutational events (55). This apparent
nonrandomness in the spectrum of
genetic alterations indicates that the fre-
quency of mutational lesions may be in-
fluenced by the local DNA sequence
environment. Stated in more general
terms, the nonrandomness of mutations
suggests the existence of endogenous
mechanisms of mutagenesis as distinct
from the, until now, better characterized
exogenous causes, such as radiation or
chemical mutagens (34). Alternatively,
the rate of repair of damaged DNA at in-
dividual nucleotides is highly variable
and sequence dependent, suggesting that
DNA repair efficiency may also con-
tribute to the difference in mutational fre-
quency between the ER and p53 genes
(35,36).

We identified two somatic mutations in
an ER-negative tumor. One mutation was
in codon 69 in the N-terminal region of
the ER gene that encodes an amino acid
in one of the two transactivation domains,
AF1, of the receptor (37J8). The other
mutation was in codon 396, which is lo-
cated in a region of the hormone-binding
domain that is highly conserved among
members of the steroid receptor family
(39,40). The second mutation consisted of an
A—»G substitution, changing methionine
to valine. Both human and chicken ER
contain methionine at codon 396. How-
ever, the corresponding amino acid in
Xenopus and rainbow trout ER is valine
and isoleucine, respectively (39,40).
Since wild-type Xenopus ER contains
valine in this position, it is unlikely that a
mutant valine in codon 396 of the human
ER would alter the receptor function.

McGuire et al. (41) identified a mis-
sense mutation in codon 296 [CTC
(Leu)->CCC (Pro)] of two breast cancers
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Exon 1, Codon 10

Exon 1, Codon 87

Intron 1

Exon 3, Codon 243

Exon 4, Codon 325

Exon 8, Codon 594

0 = TC77TCT (Ser)
1 = TCC/TCT (Ser)
2 = TCC/TCC (Ser)

0 = GCG/GCG (Ala)
1 = GCC/GCG (Ala)
2 = GCC/GCC (Ala)

0 = CAGCCG/CAGCCG
1 = CAGCTG/CAGCCG
2 = CAGCTG/CAGCTG

0 = CGC/CGC (Arg)
1 = CGT/CGC (Arg)
2 = CGT/CGT (Arg)

0 = CCC/CCC (Pro)
1 = CCG/CCC (Pro)
2 = CCG/CCG (Pro)

0 = ACG/ACG (Thr)
1 = ACA/ACG (Thr)
2 = ACA/ACA (Thr)

>24

4
A/<B

262

301

AF1

DNA BINDING

Nuclear Localization

Dimerizat ion

Heat Shock Protein

E2 BINDING

AF2

595

ER ER
GENE cDNA

(140 Kb) (6322 bp)

ER
PROTEIN
(595 aa)

FUNCTIONAL
DOMAINS

Fig. 1. Diagram of the ER gene, cDNA, and protein with functional domains, polymorphic sites, and mutations. The polymorphic sites are indicated by closed ar-
rows, and the corresponding genotypes are listed on the left with the less common alleles indicated in bold characters. Note that the published wild-type sequence
(47) of the ER cDNA lists the less common allele ACA for codon 594 instead of ACG found in the majority of individuals. Two missense mutations are indicated by
open arrows in codons 69 and 396.

Table 1. Distribution and frequencies of ER gene polymorphisms in breast cancers (n = 188)

Polymorphism*

1
2
3
4
5
6

00

52
165
38

181
135
129

Observed

01

103
22

106
7

53
47

11

33
1

44
0
0

12

Genotypes

00

57.0
164.8
44.1

181.1
138.7
123.7

Expectedt

01

93.0
22.5
93.9
6.9

45.5
57.6

11

38.0
0.8

50.0
0.1
3.8
6.7

Allele frequency (95% CI)

Allele 0

0.55 (0.50-0.60)
0.94(0.91-0.96)
0.48 (0.43-0.54)
0.98 (0.96-0.99)
0.86 (0.82-0.89)
0.81 (0.77-0.85)

Allele 1

0.45 (0.40-0.50)
0.06 (0.04-0.09)
0.51 (0.46-0.57)
0.02(0.01-0.04)
0.14 (0.11-0.18)
0.19(0.15-0.23)

n
.14
.78
.08
.72
.003
.017

* 1 = exon 1, codon 10; 2 = exon I, codon 87; 3 = intron 1; 4 = exon 3, codon 243; 5 = exon 4, codon 325; 6 = exon 8, codon 594.
tExpected genotype frequency, assuming Hardy-Weinberg equilibrium.
^Derived with respect to the null hypothesis of Hardy-Weinberg equilibrium.

and a missense mutation in codon 303

[AAG (Lys)->AGG (Arg)] of another

tumor. Kamik et al. (42) examined the

ER complementary DNA (cDNA) by

SSCP in 20 tamoxifen-resistant and 20

tamoxifen-sensitive breast cancers. They

observed a missense mutation in codon

352 [GAG (Glu)->GTG (Val)] of a

tamoxifen-sensitive tumor. Since the

tumor responded to the aritiestrogen, the

amino acid change did not appear to af-

fect the receptor function. Two mutations
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Table 2. Correlation of ER gene polymorphism in codon 325 with familial breast cancer (n = 188)

Age.y

<50
>50
All ages

Family history,

Allele 0

3 (33.3)
12(48.0)
15(44.1)

No. of pat

Allele 1

6 (66.7)
13(52.0)
19(55.9)

ients (%)

Total

9
25
34

No family history, No. of patients (%)

Allele 0

43 (84.3)
76 (73.8)

119(77.3)

Allele 1

8(15.7)
27 (26.2)
35 (22.7)

Total

51
103
154

P

.001

.013

.0005

were detected in the group of tamoxifen-
resistant tumors. The first was a single
base-pair deletion in codon 432
[TCA—»CA], which was found in a
tamoxifen-resistant metastatic tumor but
not in the primary tumor from the same
patient. The second mutation involved a
substitution of 47 nucleotides (1271-
1318) of exon 6 by 42 nucleotides (1148-
1190) of exon 5 in a metastatic tumor.
The remaining 18 tamoxifen-resistant
tumors didnof contain mutations in any
of the eight exons of the ER cDNA.
Overall, these results indicate that muta-
tions in the coding region of the ER gene
occur at a low frequency in primary
breast cancers. Thus, they do not account
for the ER phenotype of the majority of
ER-negative or tamoxifen-resistant ER-
positive breast cancers. However, the
finding of ER gene mutations in two
metastatic tumors in the study of Karnik
et al. (42) leaves open the possibility that
ER gene alterations may be more fre-
quent in metastatic breast cancers.

Similar results were obtained in studies
of the androgen receptor gene in prostate
cancer. In one study (43), analysis of the
androgen receptor gene in 27 prostate

cancers did not show any evidence of
receptor mutations. In another study,
Newmark et al. (44) found only one
mutation in 26 prostate cancers. It can be
concluded that, although the ER and the
androgen receptor are key molecules in
breast and prostate development, muta-
tions of the respective receptor genes do
not substantially contribute to aberrant
cell growth in breast or prostate cancer.

If the ER-negative phenotype of breast
cancers cannot be accounted for by muta-
tions in the coding region of the ER gene,
other causes need to be identified. One
such cause may be the presence of variant
species of ER mRNA containing precise
deletions of individual exons that occur in
ER-negative breast tumors and breast
cancer cell lines (45,46). Another
mechanism that could alter the level of
ER gene transcription is methylation of
GC-rich CpG islands. A study of breast
cancer cell lines showed extensive meth-
ylation of the Not\ site in the 5' CpG is-
land of the ER gene in ER-negative cells
but not in ER-positive cells. In addition,
the ER-negative cells had higher levels of
DNA methyltransferase than the ER-posi-
tive cells, suggesting an increased ca-

pacity to methylate DNA, which might
account for the low level of ER mRNA in
the former cells (47). Whether these ob-
servations on methylation-dependent ER
expression can be extended from cell
lines to tumors remains to be determined.
Finally, the existence of mutations in
transcriptional regulatory elements (either
upstream from the coding sequences or
contained within introns) cannot be ruled
out.

We identified six polymorphic sites in
the ER gene and determined the allele
frequencies for each haplotype (Table 1).
There was no correlation of any of the
polymorphic alleles with the ER pheno-
type or other clinicopathologic param-
eters, including tumor type, size, grade, or
stage. However, the polymorphism in
codon 325 showed a strong association
with a family history of breast cancer (P
- .0005; Table 2). In addition, the allele
distribution for codon 325 indicated a
linkage disequilibrium. It is intriguing
that a possible linkage of the ER gene
locus with familial breast cancer was also
observed by Zuppan et al. (48) in genetic
linkage studies of inherited breast cancer.
For one extended family with eight
patients who had late-onset disease, one
ER haplotype was consistently coin-
herited with breast cancer, yielding a
+ 1.85 LOD score for linkage at zero
recombination (48). The haplotype was
defined by restriction markers using Xba\,
Sad, and Hi ndlll. Codon 325 is not part
of a recognition sequence for Xbal, Sac\,
or HindlU. Recently, linkage of the ER
gene locus to breast cancer was observed

Fig. 2. DNA sequence of missense mutations. A) DNA sequencing of mutant ER gene shows a G—>C mutation in the antisense strand [AAC (Asn)-»AAG (Lys)] in
codon 69. The simultaneous presence of G and C indicates that the tumor is heterozygous for the mutation. The mutation leads to obliteration of a BstUl restriction
site, which was used as an independent confirmation of the genetic alteration. B) DNA sequencing of mutant ER gene showing a T-»C mutation in the antisense
strand [ATG (Met)-»GTG (Val)] in codon 396. This mutation leads to obliteration of an Nco\ restriction site.
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in another family—involving four pre-
menopausal and three postmenopausal
patients (King MC: personal communica-
tion). In light of the correlation reported
by King's group, as well as in our find-
ings in 188 breast cancer patients, it will
be interesting to further investigate the
possible linkage of the ER gene locus to
hereditary breast cancer.

References
(/) Evans RM: The steroid and thyroid hormone

receptor superfamily. Science 240:889-895.
1988

(2) Beato M: Gene regulation by steroid hor-
mones. Cell 56:335-344, 1989

(3) Wahli W, Martinez E: Superfamily of steroid
nuclear receptors: positive and negative regu-
lators of gene expression. FASEB J 5:2243-
2249,1991

(4) Gosden JR, Middleton PG, Rout D: Localiza-
tion of the human oestrogen receptor gene to
chromosome 6q24 —> q27 by in situ hybridiza-
tion. Cytogenet Cell Genet 43:218-220, 1986

(5) Ponglikitmongkol M, Green S, Chambon P:
Genomic organization of the human oestrogen
receptor gene. EMBOJ 7:3385-3388, 1988

(6) Keaveney M, Klug J, Dawson MT, et al:
Evidence for a previously unidentified up-
stream exon in the human oestrogen receptor
gene. J Mol Endocrinol 6:111-115, 1991

(7) McGuire WL, Clark GM: Role of pro-
gesterone receptors in breast cancer. Semin
Oncol 12(1 Suppl 1):12-16, 1985

(8) Jensen EV: Steroid receptors in breast cancer:
historical perspective. Cancer 46(12 Suppl):
2759-2761, 1980

(9) McGuire WL, Carbone PP, Vollmer RP, eds:
Estrogen Receptors in Human Breast Cancer.
New York: Raven Press, 1975

(10) Lippman ME, Allegra JC: Quantitative
estrogen receptor analyses: the response to en-
docrine and cytotoxic chemotherapy in human
breast cancer and the disease-free interval.
Cancer 46:2829-2834, 1980

(//) Osborne CK, Yochmowitz MG, Knight WA,
et al: The value of estrogen and progesterone
receptors in the treatment of breast cancer.
Cancer 46:2884-2888,1980

(12) Maass H, Jonat W, Stolzenbach G, et al: The
problem of non-responding estrogen receptor-
positive patients with advanced breast cancer.
Cancer 46( 12 Suppl):2835-2837, 1980

(13) Manni A, Arafah B, Pearson OH: Estrogen
and progesterone receptors in the prediction of
response of breast cancer to endocrine therapy.
Cancer 46(12 Suppl):2838-2841, 1980

(14) Jensen EV: Hormone dependency of breast
cancer. Cancer 47:2319-2326, 1981

(15) Hill SM, Fuqua SA, Chamness GC, et al:
Estrogen receptor expression in human breast
cancer associated with an estrogen receptor
gene restriction fragment length polymor-
phism. Cancer Res 49:145-148, 1989

(16) Parl FF, Cavener DR, Dupont WD: Genomic
DNA analysis of the estrogen receptor gene in

breast cancer. Breast Cancer Res Treat 14: 57-
64, 1989

(17) Yaich L, Dupont WD, Cavener DR, et al:
Analysis of the PVHII restriction fragment-
length polymorphism and exon structure of the
estrogen receptor-gene-in breast cancer and
peripheral blood. Cancer Res 52:77-83,1992

(18) Beahrs OH, Henson DE, Hutter RVP. et al.
eds: Staging for carcinoma of the breast. In
Manual for Staging of Cancer, 3rd ed.
Philadelphia: Lippincott, 1988, pp 145-150

(19) Parl FF, Posey YF: Discrepancies of the
biochemical and immunohistochemical estro-
gen receptor assays in breast cancer. Human
Pathol 19:960-966, 1988

(20) Maniatis T, Fritsch EF, Sambrook J: Mo-
lecular Cloning: a Laboratory Manual. Cold
Spring Harbor, NY: Cold Spring Harbor
Laboratory, 1982

(21) Green S, Walter P, Kumar V, et al: Human
oestrogen receptor cDNA: sequence, expres-
sion and homology to v-erb-A. Nature
320:134-139,1986

(22) Kumar V, Green S, Staub A, et al: Localisa-
tion of the oestradiol-binding and putative
DNA-binding domains of the human oestrogen
receptor. EMBOJ 5:2231-2236, 1986

(23) Borresen AL, Hovig E, Smith-Sorensen B, et
al: Constant denaturant gel electrophoresis as a
rapid screening technique for p53 mutations.
Proc Natl Acad Sci U S A 88:8405-8409, 1991

(24) Myers RM, Maniatis T, Lerman LS: Detection
and localization of single base changes by de-
naturing gradient gel electrophoresis. Methods
Enzymol 155:501-527, 1987

(25) Orita M, Sekiya T, Hayashi K: DNA sequence
polymorphisms in Alu repeats. Genomics
8:271-278,1990

(26) Breslow NE, Day NE: Statistical Methods in
Cancer Research, Vol 1—The Analysis of
Case-Control Studies. Lyon: IARC, 1980, pp
191-279

(27) Fleiss JL: Statistical Methods for Rates and
Proportions, 2d ed. New York: John Wiley and
Sons, 1981

(28) Elston RC, Forthofer R: Testing for the Hardy-
Weinberg equilibrium in small samples.
Biometrics 33:536-542, 1977

(29) Kendall MG, Stuart A: The Advanced Theory
of Statistics, vol 2, Inference and Relationship,
3d ed. New York: Hafner, 1973, pp 234-272

(30) Sluyser M: Steroid/thyroid receptor-like pro-
teins with oncogenic potential: a review. Can-
cer Res 50:451-458, 1990

(31) Graham ML 2d, Krett NL, Miller LA, et al:
T47Dco cells, genetically unstable and con-
taining estrogen receptor mutations, are a
model for the progression of breast cancers to
hormone resistance. Cancer Res 50:6208-
6217, 1990

(32) Caleffi M, Teague MW, Jensen RA, et al: p53
gene mutations and steroid receptor status in
breast cancer. Clinicopathologic correlations
and prognostic assessment. Cancer 73:2147-
2156,1994

(33) Cooper DN, Krawczak M: The mutational
spectrum of single base-pair substitutions
causing human genetic disease: patterns and
predictions. Hum Genet 85:55-74, 1990

(34) Krawczak M, Cooper DN: Gene deletions
causing human genetic disease: mechanisms of

mutagenesis and the role of the local DNA en-
vironment. Hum Genet 86:425-441, 1991

(35) Tomaletti S, Pfeifer GP: Slow repair of
pyrimidine dimers at p53 mutation hotspots in
skin cancer [see comment citation in Medline].
Science 263:1436-1438, 1994

(36) Gao S, Drouin R, Holmquist GP: DNA repair
rates mapped along the human PGK1 gene at
nucleotide resolution [see comment citation in
Medline]. Science 263:1438-1440, 1994

(37) Tora L, White J, Brou C, et al: The human
estrogen receptor has two independent non-
acidic transcriptional activation functions. Cell
59:477-487, 1989

(38) Lees JA, Fawell SE, Parker MG: Identification
of two transactivation domains in the mouse
oestrogen receptor. Nucleic Acids Res
17:5477-5488,1989

(39) Kmst A, Green S, Argos P, et al: The chicken
oestrogen receptor sequence: homology with
v-erbA and the human oestrogen and glucocor-
ticoid receptors. EMBO J 5:891-897, 1986

(40) Pakdel F, Le Guellec C, Vaillant C, et al: Iden-
tification and estrogen induction of two estrogen
receptors (ER) messenger ribonucleic acids in
the rainbow trout liver sequence homology with
other ERs. Mol Endocrinol 3:44-51, 1989

(41) McGuire WL, Chamness GC, Fuqua SA:
Estrogen receptor variants in clinical breast
cancer. Mol Endocnnol 5:1571-1577, 1991

(42) Karnik PS, Kulkarni S, Liu XP, et al: Estrogen
receptor mutations in tamoxifen-resistant
breast cancer. Cancer Res 54:349-353, 1994

(43) Trapman J, Brinkmann AO: Mutations in the
androgen receptor. Ann N Y Acad Sci 684:85-
93,1993

(44) Newmark JR, Hardy DO, Tonb DC, et al:
Androgen receptor gene mutations in human
prostate cancer. Proc Natl Acad Sci U S A :
89:6319-6323,1992

(45) Dotzlaw H, Alkhalaf M, Murphy LC: Charac-
terization of estrogen receptor variant mRNAs
from human breast cancers. Mol Endocnnol
6:773-785,1992

(46) Fuqua SA, Fitzgerald SD, Allred DG, et al: In-
hibition of estrogen receptor action by a
naturally occurring variant in human breast
tumors. Cancer Res 52:483-486, 1992

(47) Ottaviano YL, Issa JP, Parl FF, et al: Methyla-
tion of the estrogen receptor gene CpG island
marks loss of estrogen receptor expression in
human breast cancer cells. Cancer Res
54:2552-2555,1994

(48) Zuppan P, Hall JM, Lee MK, et al: Possible
linkage of the estrogen receptor gene to breast
cancer in a family with late-onset disease. Am
JHum Genet 48:1065-1068,1991

Notes

Supported in part by American Cancer Society
grant EDT-26A to F. F. Parl.

We thank Ms. Shuling Wang for expert technical
assistance and Ms. Kay Covington for patient fol-
low-up. We also thank Drs. Vernon Reynolds and
John Sawyers of the Department of Surgery at
Vanderbilt University Hospital for their cooperation.

Manuscript received August 3, 1994; revised
December 1, 1994; accepted December 30, 1994.

Journal of the National Cancer Institute, Vol. 87, No. 6, March 15, 1995 REPORTS 451

 at Pennsylvania State U
niversity on M

ay 11, 2016
http://jnci.oxfordjournals.org/

D
ow

nloaded from
 

http://jnci.oxfordjournals.org/

